Lung cancer (LC) has become the leading cancer-related cause of death in the US and in developed European countries in the last decade. Its incidence is still growing in females and in smokers. Surgery remains the treatment of choice whenever feasible, but unfortunately, many patients have an advanced LC at presentation and one-third of potentially operable patients do not receive a tumor resection because of their low compliance for intervention due to their compromised cardiopulmonary functions and other comorbidities. For these patients the alternative therapeutic options are stereotactic radiotherapy or percutaneous radiofrequency. When surgery is planned, an anatomical resection (segmentectomy, lobectomy, bilobectomy, pneumonectomy, sleeve lobectomy) is usually performed; wedge resection (considered as a nonanatomical one) is generally the accepted option for unfit patients. The recent increase in discovering small and peripheral LCs and/or ground-glass opacities with screening programs has dramatically increased surgeons' interest in limited resections. The role of these resections is discussed. Also, recent improvements in molecular biology techniques have increased the chemotherapic options for neoadjuvant LC treatment. The role and the importance of targeted chemotherapy is also discussed.
Introduction
Lung cancer (LC) is a very significant and important public health problem with approximately 170,000 new cases diagnosed in the United States (US) per year. 1 It has become the leading cause of cancer death in the US and around the world in recent years: its incidence and mortality are highest in the US and in the developed European countries and lower in undeveloped countries of Central and South America, Asia, and Africa. 1 LC deaths will continue to rise worldwide due to the increasing use of tobacco. [2] [3] [4] The World Health Organization (WHO) separates histological tumor types into 2 categories: non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). 5 Histological NSCLC's subtypes are shown in Table 1 . SCLC belongs to the spectrum of neuroendocrine lung tumors ( Table 2 ). 6 In 50% of cases NSCLC is a disseminated disease with a gloomy prognosis and a median survival ,1 year; the overall 5-year survival does not exceed 15%. Patients with advanced disease have a very poor prognosis (Stage IIIB inoperable patients' 5-year survival rate is ,10% and ,2% for Stage IV diseases).
Surgical resection remains the mainstay of therapy for NSCLC, when feasible; unfortunately many patients present with an advanced disease at the time of diagnosis Surgery Stage I and II NSCLC patients should be approached as potential candidates for surgery and the majority of them undergo the intervention. Patients with Stage IIIA or IIIB NSCLC are not eligible for an immediate operation: they must be considered for a preoperative multimodal therapy (chemotherapy, radiotherapy or both in combination), and then reconsidered for surgery in case of the effectiveness of the treatment.
A complete tumor resection is the goal of surgery for operable NSCLCs; incomplete resections, instead, not only do not have any therapeutic advantage, but may also reduce any of the potential benefits gained with a postoperative chemo/radiotherapy. Anatomic interventions (segmentectomy, lobectomy/ bilobectomy, bronchoplastic lobectomy and pneumonectomy) are the standard of care for operable LCs. The 5-year survival rates for Stage I NSCLC following lobectomy are reported to be between 60% and 70%. 6 Nonanatomic resections, such as wedge resections, are historically recommended for those patients with a poor cardiac or respiratory function or in cases of multiple synchronous or metachronous tumors only.
New trends of early diagnosis of LC (eg, LC screening protocol with multislice spiral thoracic CT scan or high-resolution computed tomographic [HR-CT] thoracic scanning) may be available to surgeons in 3% to 5% of the population, with a small-sized peripheral solitary pulmonary nodule (SPN) or a ground glass opacity (GGO) lesion which may be benign, premalignant or malignant. A GGO lesion is so defined when the internal density of the nodule, at the CT scan, is low and the bronchovascular structures in the GGO area can be still visualized (Figure 1 ). On the other hand, in a solid lesion the internal density of the solid nodule is so high that it obscures the bronchovascular structures (Figures 2  and 3 ). The GGO classification was outlined by Asamura et al in 2003. 7 Many of these malignant SPNs are more likely to have adenocarcinoma histology, especially bronchioloalveolar carcinoma (BAC); BAC (mucinous and nonmucinous) is a subset of lung adenocarcinoma, which shows growth of tumoral cells along pre-existing alveolar structures (lepidic growth) without evidence of stromal, vascular, or pleural neoplastic invasion ( Figure 4 ). 5 Positive positron emission tomography (PET) scan lesions should be considered for surgery, especially if a high standardized uptake value is observed. Transthoracic fine Table 2 The spectrum of neuroendocrine (Ne) proliferations and tumors Figure 2 Occasionally discovered solid neoplastic lesion in the right lung in a male, former smoker, patient: surgical resection (segmentectomy) revealed T1aN0 squamous cell carcinoma.
Figure 3
Partially solid solitary pulmonary nodule in the left lung in two nonsmoker male patients: left lower lobectomy was performed in both and histology showed T2aN0 G2 adenocarcinoma.
Figure 4
Bronchioloalveolar carcinoma (BAC, mucinous and non-mucinous variants) histologic specimens. BAC arises from alveolar walls as a noninvasive tumor with lepidic spread (along alveolar septa); no stromal, vascular, or pleural invasion is seen. Microscopically BAC is composed of tall, columnar cells lining alveolar septa and projecting into spaces with papillary projections, but underlying lung architecture is preserved; variable anaplasia but usually well differentiated. Non-mucinous type is composed of cuboidal cells with bright eosinophilic cytoplasm, prominent nucleoli, and nuclear atypia; apical spouts and hobnail cells are often present. Mucinous type is composed of well-differentiated columnar cells containing mucin that line respiratory spaces; tumor cells are associated with bronchioles, not bronchi; demarcation between normal and tumor cells is usually sharp. needle aspiration biopsy is suggested for suspected malignant lesions .10 mm in maximum size, or in 5-to 10-mm diameter lesions whose size increases in repeated CT scans.
In case of proven LC, fit patients who tolerate lobectomy usually undergo surgery. Lobectomy is in fact considered the treatment of choice even for early stage NSCLCs since Ginsberg and Rubinstein 8 published in 1995 the results of a Lung Cancer Study Group randomized trial comparing the role of limited pulmonary resections versus lobectomy for early-stage NSCLCs. The authors demonstrated an increased risk for local tumor recurrence rate (17.5%), a 30% increase in the overall death rate, a 50% increase in the observed death with cancer rate, and a lower 5-year survival rate in patients receiving nonanatomic lung resections. 8 Local tumor recurrences were increased following wedge resections compared with segmentectomies. According to this publication, sublobar lung resections were reserved for patients with limited physiological reserves, especially in Europe and North America.
In 1996, Jang et al 9 reported that the focal GGO areas on HR-CT could be interpreted as an early sign of localized BAC.
In Japan and in Western countries, recently improved anatomopathological and radiological studies on GGOs, 7, [9] [10] [11] [12] [13] [14] with a favorable histology and prognosis, increased the screening of high-risk patients and created a large cohort of individuals with small pulmonary lesions different from those evaluated in the Ginsberg and Rubinstein study. The concomitant improvements in chemotherapeutic regimens and the growing population of older patients with significant clinical comorbidities, which contraindicate extended pulmonary resections, pushed many researchers to extend limited pulmonary resection in those patients.
Limited surgical resections have some theoretical advantages: the respiratory function may be preserved in the postoperative course; the possible postoperative complications may be reduced, and the feasibility of a second resection in case of tumor's local recurrence may be preserved. [15] [16] [17] [18] 
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Filosso et al lobectomy or segmentectomy, application of brachytherapy, or intraoperative radiotherapy) have made it possible to extend such pulmonary resections to a greater number of patients with an early-stage NSCLC. [19] [20] [21] [22] Five-and 10-year survival rates are excellent for fit patients with early-stage LC treated with anatomical resections but, unfortunately, a subset of patients suffer from cardiopulmonary diseases and other concomitant medical comorbidities and therefore are not good candidates for standard resections. For these, other therapeutic options are: external beam radiotherapy or more recent approaches such as radiofrequency ablation or stereotactic radiosurgery.
Although many studies have been recently published, [23] [24] [25] [26] [27] at present there is no universally accepted criterion defining the term "poor pulmonary function" in those patients with LC who do not tolerate lobectomy (see Nomenclature section for the current clinical criteria identifying those patients).
Retrospective series reporting the poor outcome of unfit patients with untreated LC have been published: the median survival in these patients ranged between 11 and 14.2 months in the papers of McGarry et al and Kyasa and Jazieh, 28, 29 and most of these patients died from LC. Older retrospective series report 5-year survival rates ranging from 31% to 68%. [29] [30] [31] Only a few prospective trials have been published comparing limited resection with lobectomy in patients with early-stage NSCLC and severe pulmonary impairment.
In 2005 the results of a prospective Phase II trial limited to patients with poor pulmonary function were published. 32 High-risk patients (see Nomenclature section for their characteristics) underwent video-assisted wedge resection followed by local radiotherapy (maximum 56 Gy) in case of pathological T1N0NSCLC. Thirty-two of 58 patients (55.2%) were T1N0 and received a complete treatment; median survival was 32 months (there was 1 postoperative death) and 5-year survival rate was 29%. Local recurrence rate was 29%.
If the usefulness of the external beam radiation is demonstrated to be useful in decreasing local recurrence rate after limited lung resections, [31] [32] [33] [34] the next problem is delivering the correct radiation since there could be some limitations, such as irregular stapler lines at the site of surgical tumor resection, physiological lung movements, and the patient's compliance. 35 A possible solution may be the placement of large hemoclips at the apex of the wedge resection which will facilitate the postoperative radiotherapy delivery.
Inadequate resection margins have been attributed to recurrence in many solid tumors, including NSCLC: the incidence of tumor recurrence after sublobar resections in NSCLC may be related to the margins obtained during the resection. It is not yet clear how significantly this affects long-term survival in those patients with poor respiratory function and important medical comorbidities, and in those who have received wedge resections, since they do not tolerate a lobectomy. In contrast, when limited resections are performed in fit patients who would otherwise tolerate anatomic procedures, the increased local recurrence risk affects long-term survival, enhancing the role of adequate resection margins. The presence of negative cytologic margins alone is not sufficient to reduce the recurrence risk: as El-Sherif et al, 36 Sawabata et al, 37 and Schuchert et al 38 recently demonstrated, a tumor margin of at least 2 cm is needed. Many authors in the past 10 years have supported segmentectomy instead of wedge resection for its effectiveness in achieving the 2 cm margin free goal.
El-Sherif et al 39 reported their 13 years' experience comparing the results of lobectomy and sublobar resections in Stage I NSCLC. Overall survival was better in the lobectomy group of patients and similar tumor recurrence rates were registered (28% in the lobectomy group, 29% in the sublobar resection group). Patients who received a limited resection had a similar disease-free survival after lobectomy if they were Stage IA, but a lower disease-free survival if staged IB. Kraev et al 40 compared the outcome of 215 patients receiving lobectomy with 74 patients that underwent wedge resection for Stage I NSCLC: there was a significant benefit on long-term survival for patients with tumors less than 3 cm in diameter who underwent lobectomy.
The use of adjuvant brachytherapy as an alternative to external radiotherapy after limited resections [41] [42] [43] has been recently reported. In a nonrandomized study of 200 patients comparing limited resections with or without brachytherapy, local recurrence rate significantly decreased from 18% to 2% in patients treated with 125 I seeds 41 Birdas et al 35 compared the outcome of lobectomy and sublobar resections plus brachytherapy in 167 patients with Stage IB NSCLC and found equivalent local recurrence and survival rates in the two groups of patients. Blasberg et al 43 reported their recent experience with Da Vinci robotic 125 I brachytherapy seed placement in 11 high-risk patients who underwent limited pulmonary resections: perioperative mortality and local recurrence rates were 0% and 9%, respectively (1 of 11).
In conclusion, we are convinced that the option of surgery should be considered every time LC is diagnosed. Patients with potentially resectable LC and poor respiratory/cardiac function should be evaluated by a multidisciplinary lung 
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emerging treatments for NSCLC cancer clinic working team that includes an experienced thoracic surgeon, a pulmonologist, a cardiologist, a medical oncologist, a radiation oncologist, and a chest radiologist.
Smoking patients must receive intensive smoking-cessation counseling and be enrolled in a pulmonary rehabilitation program prior to a possible surgical choice. A correct preoperative diagnostic assessment (PET scan, transbronchial fine needle biopsy, mediastinoscopy/anterior mediastinotomy, if necessary) is mandatory to determine the tumor's clinical stage as accurately as possible. Open or VATS surgery should be proposed when feasible; alternatively, the patient must be offered another treatment protocol that may include stereotactic radiotherapy or radiofrequency ablation in association with chemotherapy.
Stereotactic body radiation therapy
Until recently, patients unfit for surgery typically underwent conventionally fractionated radiotherapy with a total dose of 60 to 70 Gy delivered in a 6-to 7-week period; the poor outcomes with conventional radiotherapy are reflected in Surveillance, Epidemiology, and End Results (SEER) data 44 showing a lung cancer 5-year survival rate of ,15%. Locally uncontrolled tumor is the predominant pattern of failure in patients irradiated with conventional radiotherapy at conventional doses. In order to improve local tumor control and, hence, overall survival (OS), dose-escalation represents a very important issue. Nevertheless, dose-escalation by conventionally fractionated radiotherapy is limited by two main factors: a prolonged overall treatment time, resulting in a considerable amount of tumor repopulation, and an increased radiation dose delivered to the functional lung tissue, with a possible further functional impairment, even if regional lymph nodes may be excluded from radiation volumes in stage I NSCLC. Stereotactic body radiation therapy (SBRT) is an emerging option that may improve local control and survival; it is a technique characterized by the use of accurate repositioning which allows the administration of a few large fractions that are able to destroy the neoplastic target through radio-ablation. First reports on SBRT's efficacy were published by Baumann et al, 45 and a recent update of their results in 57 patients shows 60% 3-year OS, 88% cause-specific survival, and 52% progression-free survival (PFS) rates. 45 Fakiris et al 46 49 A correct histological diagnosis was available in nearly 60% of patients; no statistical differences in survival were observed when comparing SBRT in proved neoplastic patients with those without a pathologic diagnosis. Even if not statistically confirmed in all of these trials, smaller tumors tend to have a better outcome. Few reports are available on operable patients refusing surgery and treated with SBRT: the most recent of these is the paper by Onishi et al, 50 reporting a multi-institutional Japanese experience on 87 operable patients in which the 5-year OS rate was 92% for T1 and 73% for T2 tumors with 55 months median follow-up.
SBRT toxicity rate is very low; 50 acute toxicities include acute radiation pneumonitis in a minority of patients (,5%) and skin reactions only when high doses are delivered with a limited number of fields and skin doses exceed 50% of prescription dose. Typical radiological findings of late pulmonary toxicity (eg, postactinic fibrosis) are very common, without important effect on pulmonary function and/or patient quality of life. When the targeted lesions are very close to the chest wall, specific chronic SBRT-related toxicities include thoracic pain and/or rib fractures; brachial plexopathy is very frequent in SBRT treatment of apical tumors. At present, central tumors are not eligible for SBRT treatment due to low radiation tolerance of the great vessels, main bronchus, and heart's low radiation tolerance. Innovative techniques and fractionation schedules are mandatory in order to overcome these limitations.
In conclusion, SBRT is a very effective treatment in nonsurgical patients, as well shown by several Phase II studies in which a prolonged follow-up is achieved. SBRT appears to be superior to the conventional radiation therapy.
The role of SBRT as a primary therapy alternative to surgery has to be determined in recent trials ongoing in The Netherlands and United States comparing the results of stage IA NSCLC patients treated with surgery versus SBRT. Dose-escalation protocols (RTOG 0618 trial) are now exploring the role of dose-intensification in the treatment of large NSCLC, in which the local control rates are inferior. Even if data on SBRT dose-escalation protocols late effects are not yet available, its toxicity appears to be really low. Correct patient selection criteria, treatment planning, and delivery standardization of the radiation doses are crucial issues for SBRT treatment to become a widespread application in NSCLC early-stage patients.
Percutaneous thermal ablation with radiofrequency
Percutaneous thermal ablation with radiofrequency (RF) is a well-established interventional procedure for loco regional treatment of many tumors (hepatic, renal, colorectal, and bone metastases) as an alternative treatment to surgery in inoperable patients. [51] [52] [53] [54] The use of RF in the treatment of lung cancer was firstly proposed by Dupuy et al 55 in 2000 and nowadays it is recognized as an efficient treatment in unresectable primary tumors or for those selected patients with metastatic disease in whom symptom palliation is required. [56] [57] [58] [59] In the past 10 years, several studies based upon an overall experience of over 1000 patients treated with curative or palliative intent have demonstrated that RF ablation in regional anesthesia is a minimally invasive technique, is safe and effective, and is associated with low morbidity and mortality rates, short hospitalization, and improved quality of life. [60] [61] [62] indications Peripheral and small-sized tumors (#3-3.5 cm) are ideal for RF treatment; tumors .3 cm may in fact present a low percentage of complete necrosis after RF. This evidence strictly correlates with an average time progression of the disease of 45 months for tumors ,3 cm (P , 0.002). 63 Ideal RF candidates are early-stage NSCLC patients with high surgical risk due to comorbidities (cardiac or respiratory) for whom conventional radiotherapy offers a 5-year survival rate of not more than 10% to 30%. 64 RF in stage II NSCLCs could be proposed in combination with chemotherapy due to the possible lymph node neoplastic involvement, untreatable by RF. 64 Advanced-stage NSCLC patients (IIIB or IV, due to the presence of satellite nodules), or those presenting with a progression of disease after chemoradiotherapy may also benefit from RF. 65, 66 Symptomatic advanced stage LCs with pleura and/or chest wall invasion may also benefit from RF, used for antalgic purposes.
Contraindications to RF are: central tumors (located close to trachea and/or main bronchi), the presence of severe COPD or lung atelectasis, or an untreatable coagulopathy. A tumor close to the heart or great vessels is not a contraindication to RF per se, but in order to avoid possible high risks, the procedure must be performed by experienced radiologists.
Technique RF ablation (RFA) is based on the use of interstitial hyperthermia to determine tumoral tissue destruction and death. Biologic tissues heated to 50°C for more than few minutes undergo coagulative necrosis, but if heated up to more than 105°C they are carbonized and produce gas. The optimum temperature for RFA ranges from 60°C to 100°C. The goal of lung RFA is to obtain a complete coagulative necrosis of tumoral cells with a 0.5-to 1-cm free margin (the so called "surgical margin").
An RFA system consists of three components (a radiofrequency generator, active needle electrode pads, and a ground), and several SAB systems are available. A wide choice of needles is also available (such as cooled-tip electrode needles and expandable electrode-needles with multiple exit laterally deployable electrodes). The choice of RFA systems and needles may vary according to the operator's individual experience, the location and size of the tumor, and the desired volume of necrosis. 60, 62, 63 Chan et al recently published a meta-analysis of 46 published series of primary LCs and lung metastases treated with RF (an overall total of 2905 procedures performed in 1584 patients) showing that there is a tendency to perform RF under conscious sedation using multilined expandable electrodes. 67 RF is usually performed percutaneously, rarely during thoracotomy. In order to obtain precise localization of a lesion and its relationship with the electrode-needle, the procedure is carried out under computed tomography (CT) guidance; however it does not permit a real time visualization of the needle's advancement within the lesion. The needle path can be monitored only using a CT fluoroscopy, which subjects both patient and operator to a high dose of radiation. 62, 63 Follow-up Radiological follow-up is usually scheduled with repeated chest CT scans (1, 3, 6, and 12 months after RF) to assess treatment response and to identify possible persistent disease or tumor recurrence. PET-CT seems to be more sensitive than CT scan and it may be proposed as the most suitable method for early detection of relapse, according to some recent published experiences. [65] [66] [67] 
Results
Patients treated with RF present with encouragingly shortand medium-term survival rates: 1-year and 2-year survival rates of 78% to 95% and 57% to 84%, respectively. [62] [63] [64] 68, 69 Although it may be difficult to assess cancer-specific survival 67 A potential RF with conventional radiotherapy synergistic effect in the treatment of Stage I-II NSCLC is emerging from the studies of Dupuy et al (24 patients in stage I) 70 and Grieco et al (41 patients, stage I and II). 71 Chan et al reported that primary LCs recur more frequently than lung metastases (22.2% vs 18.1%, P . 0.05). 67 Complications RFA of lung malignancy is a relatively safe treatment with low mortality (0%-5.6%) and 24.6% morbidity rates. 67 Pneumothorax is the most common complication (30%-60% of cases), but only 10% of these require chest tube placement. 62, 63 Limited pleural effusion sometimes occurs (14.8% of cases); 67 thoracentesis or chest tube are required in only 1% to 7% of cases. 62 Immediate self-limiting intraparenchymal hemorrhage occurs in 10% of patients. 63 Pneumonia, lung abscesses, hemoptysis, and pain exacerbation of chronic obstructive pulmonary lung disease (COPD) have been described after RFA of lung tumors. 62 Conclusions RFA is becoming an accepted treatment in selected inoperable patients with primary LC or pulmonary metastases. Patients with lesions ,3 cm are ideal candidates for RF: these lesions, in fact, have the higher chance to achieve a complete tumor necrosis increasing the progression-free survival.
RFA's local tumor control is lower than surgery but RF seems to be more effective than conventional radiation therapy in the treatment of high-risk patients. Moreover, initial encouraging results demonstrate that RFA in combination with RT provides a potential synergistic effect, especially for treating larger tumors, improving local survival compared to conventional RT alone.
Targeted chemotherapy for LC patients
Only recently has adjuvant chemotherapy become the standard of care for patients with completely resected stage II and III NSCLC with a good performance status. 72 Long-term safety and efficacy data from two adjuvant cisplatin-based chemotherapy trials have been published. However, current data suggest that chemotherapy has reached a therapeutic plateau and that new combinations of currently available cytotoxic agents are unlikely to confer clinically relevant improvements in survival. 73, 74 This plateau highlights the need for novel approaches to improve the outcome of patients with advanced disease. Promising results from clinical treatment trials identify a spectrum of targeted cancer therapies in several broad categories. These include both small-molecule inhibitors of either key receptors or enzyme-binding sites, as well as intravenously delivered monoclonal antibodies that block a specific binding interaction between ligands and their receptors. 75 An improved understanding of molecular processes underlying tumor biology has led to the development of therapies that target these processes. Intracellular signaling pathways related to the vascular endothelial growth factor receptor (VEGFR) and the epidermal growth factor receptor (EGFR) both play a central role in tumorigenesis as well as tumor growth, and are therefore rational targets for anticancer drug development.
Various agents that target these pathways are in clinical development. Some of these have already changed treatment practice in NSCLC, most notably the monoclonal antibody (mAb) bevacizumab in combination with chemotherapy in the first-line setting and the small-molecule tyrosinekinase inhibitors erlotinib and gefitinib in the second-line setting. 76 
Antibody against veGF
A successful ligand-targeting strategy comes from the VEGF-targeting mAb bevacizumab and ranibizumab. 77 Bevacizumab is a recombinant humanized mAb that binds to VEGF. Recently, the addition of bevacizumab to paclitaxel and carboplatin was shown to give a significant survival benefit; however, this efficacy benefit was seen with an increased risk of treatment-related deaths. 78 To establish whether the benefits of bevacizumab were extended in combination with other chemotherapy doublets, the randomized Phase III trial Avastin in Lung (AVAiL; BO17704) evaluated PFS in 1043 patients who received first-line bevacizumab (7.5 or 15 mg/kg) or placebo combined with cisplatin (80 mg/m 2 ) and gemcitabine (1250 mg/m 2 ) (CG). Both bevacizumab doses in combination with chemotherapy significantly improved PFS versus placebo. 78 
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Filosso et al in combination with platinum-based chemotherapy, has received US Food and Drug Administration and European Medicines Agency approval for the first-line treatment of predominantly non-squamous advanced NSCLC. The National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology for NSCLC also recommend bevacizumab in combination with chemotherapy as first-line therapy, 79 while the American College of Chest Physicians Evidence-Based Clinical Practice Guidelines state that the addition of bevacizumab to carboplatin/paclitaxel should be considered a therapeutic option in a clinically selected subset of patients. 80,81
Targeting the EGFR pathway in first-line NSCLC Tyrosine kinase inhibitors
The two proto-oncogenes currently known to be more commonly mutated in lung adenocarcinoma are K-Ras and EGFR. 82 Erlotinib and gefitinib are orally active inhibitors of the intracellular tyrosine-kinase domain of the EGFR. Both selectively inhibit EGFR tyrosine kinase, reducing autophosphorylation and thereby disrupting EGFR signalling. 83, 84 This leads to inhibition of cell proliferation, blockade of cell cycle progression, and stimulation of apoptosis, with consequent inhibition of tumor growth. Erlotinib and gefitinib also potentiate the antitumor effects of cytotoxic chemotherapy. 85, 86 Erlotinib may be considered in patients selected by clinical or molecular markers. 87 Pathologists observed that EGFR mutations are particularly frequent in adenocarcinoma with papillary and acinar subtypes and that those patients with a solid-pattern adenocarcinoma harboring EGFR mutations had a shorter PFS after treatment with erlotinib. 88 A shorter PFS (10 months) after treatment with erlotinib in solid adenocarcinomas has been observed. 89 A meta-analysis examined five small trials of first-line treatment with erlotinib or gefitinib monotherapy in patients in whom EGFR mutations were assessed. 90 Ninety percent of the EGFR-mutant patients were Caucasians. The majority of EGFR-mutant patients were women (81%), had adenocarcinoma (89%), and had no history of tobacco use (58%). Of the 84 patients harboring a sensitizing EGFR mutation, treated with erlotinib or gefitinib, 56 patients (67%) achieved an objective response, with a median PFS of 11.8 months and a median OS of 23.9 months. For 83 patients with wild-type EGFR and wild-type K-Ras, the response rate was 5%, the median PFS was 3.1 months, and the median survival was 11.8 months. Finally, in 41 patients with wild-type EGFR and mutated K-Ras, response was 0%, PFS 3.3 months, and median survival 13 months. In the group of 59 patients with three or four clinical predictors (eg, Asian, female, neversmoker, adenocarcinoma), EGFR mutation status was able to divide these patients into two clear subsets: 38 patients with sensitizing mutations (response 76%, PFS 12.9 months, and median survival 23.8 months) and 21 patients without a sensitizing mutation (response 0%, PFS 1.8 months, and median survival 14.8 months). 90 The Spanish Lung Cancer Group evaluated the feasibility of large-scale screening of EGFR mutations in advanced stage NSCLC patients and analyzed the association between EGFR mutations and clinical outcomes to erlotinib (150 mg daily). 90 From April 2005 to November 2008, a total of 2105 NSCLC patients from 129 institutions was prospectively screened for EGFR mutations, and patients who had an EGFR mutation were treated with erlotinib. The most frequently detected mutations were deletion of exon 19 (62.2%) and L858R (37.8%). Mutations in the EGFR gene were detected in 350 pretreatment tumor samples of 2105 patients (16.6%). The overall response rate was 70.6% (including 12.2% complete responses), 19.3% of patients were stable, and 10.2% experienced progressive disease. A better response was associated with an exon 19 mutation (n = 135) than with the L858R mutation (n = 82, odds ratio [OR]: 3.08; 95% confidence interval [CI]: 1.63-5.81; P = 0.001) and with an age of 61 to 70 years (OR: 2.55; P = 0.006). No significant difference in PFS related to the type of mutation was observed. Median PFS was 14 months (95% CI: 11.3-16.7). Median OS was 28 months (95% CI: 22.7-31.3) for patients receiving firstline therapy. As described, 87 patients with exon 19 deletions had a longer PFS (14.6 vs 9.7 months; P = 0.02) and OS (30.8 vs 14.8 months; P , 0.001) than those with the L858R mutation. 90 The Iressa versus Carboplatin/ Paclitaxel in Asia (Iressa Pan-Asia Study) was a Phase III trial that compared gefitinib with carboplatin and paclitaxel in Asian patients with adenocarcinoma who were light smokers (defined as #10 pack-years and quit .15 years ago) or never-smokers. The primary endpoint was the noninferiority of gefitinib compared with carboplatin and paclitaxel on PFS. The trial met the primary endpoint and demonstrated the superiority of gefitinib (n = 609) compared with carboplatin and paclitaxel (n = 608) (HR 0.74; 95% CI: 0.65-0.85; P , 0.001; median PFS of 5.7 and 5.8 months, respectively), and higher objective response rate (43% vs 32.2%; OR: 1.59; 95% CI: 1.25-2.01; P , 0.001). Significantly, more patients in the gefitinib arm than those in the carboplatin and paclitaxel arm experienced a clinically relevant improvement in quality of 
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emerging treatments for NSCLC life. OS in an early analysis (450 patients have died [37%]) revealed similar survival among patients in the gefitinib arm compared with carboplatin and paclitaxel treatment arm (HR: 0.91; 95%: CI 0.76 -1.10; median survival of 18.6 and 17.3 months, respectively). There was a significant interaction between treatment and EGFR mutation and PFS. In the EGFR mutation-positive subgroup, the PFS was significantly longer among patients receiving gefitinib than among those receiving carboplatin and paclitaxel (HR: 0.48; 95% CI: 0.36-0.64; P , 0.001). In Asian patients with EGFR mutations, gefitinib treatment attained a significantly better response and PFS than chemotherapy. 91 Two randomized Phase III trials compared the efficacy of erlotinib (150 mg/day) or placebo combined with six cycles of chemotherapy in patients with previously untreated stage IIIB/IV NSCLC (TALENT trial = 1172 patients; TRIBUTE trial = 1079 patients). The addition of erlotinib to chemotherapy did not improve median OS compared with chemotherapy alone in either the TALENT (9.9 vs 10.2 months, respectively; HR: 1.06; 95% CI: 0.90-1.23) or the TRIBUTE (10.6 vs 10.5 months, respectively; HR: 0.995; 95% CI: 0.86-1.16) trials. 92, 93 Two randomized Phase III studies (INTACT 1, INTACT 2) investigating the addition of gefitinib to platinum-based chemotherapy, did not show any survival benefit with the addition of gefitinib. 94, 95 The lack of an additive effect with EGFR tyrosine kinase inhibitors (TKIs) and chemotherapy may relate to a mechanistic interaction; for example, the antiproliferative effects of EGFR TKIs may render tumor cells less sensitive to cytotoxic agents.
There is a great interest in whether biomarkers can be used to predict which patients will benefit most from treatment with EGFR TKIs. Retrospective evidence comes from the BR.21 trial, in which tumor biopsy samples were used to investigate whether response and survival with erlotinib was associated with EGFR expression, EGFR gene amplification and mutations. 96, 97 The presence of an EGFR mutation may increase tumor responsiveness to erlotinib, but there was no evidence of an effect of mutation status on survival (patients with wild-type and mutated EGFR both had prolonged survival). Patients with EGFR-positive tumors and tumors with a high EGFR gene copy number may benefit most from erlotinib in terms of survival, but prospective validation of the biomarkers is required before the tests can be used in routine clinical practice. It is remarkable that the INTEREST trial failed to achieve its coprimary endpoint of demonstrating an OS benefit for gefitinib versus docetaxel in patients with high EGFR gene copy number (HR: 1.09; 95% CI: 0.78-1.51; P = 0.62; ITT population); there was no evidence that EGFR FISH-positive patients had superior OS on gefitinib compared with docetaxel. 98 The analysis of FISHpositive patients was based on small sample sizes: 85 and 89 patients in the gefitinib and docetaxel arms, respectively.
MERIT, a trial investigating potential relationships between tumor biomarkers and clinical benefit from erlotinib, is the largest prospective genomic profiling trial conducted to date in advanced NSCLC. In baseline tumor biopsy samples of 264 patients, no binary markers for clinical benefit were identified. However, exploratory Affymetrix analysis identified three candidate markers of response on chromosome 7: EGFR, phosphoserine phosphatise, and RAPGEF5 (which encodes guanine nucleotide exchange factor). 99, 100 The clinical efficacy of gefitinib or erlotinib is limited by the development of acquired drug resistance that is believed to be caused by the gatekeeper T790M mutation, which is detected in 50% of clinically resistant patients. 101, 102 The T790M mutation has also been detected in pretreatment specimens. 103 The T790M mutation was associated with a strikingly short PFS, a median of 7.7 months in patients with the T790M mutation and 16.5 months in those without the mutation (HR for progression for the T790M allele, 11.5; P , 0.001). 104 SARMS (Scorpion Amplification Refractory Mutation System) in combination with another method identified T790M in 70% of post-treatment biopsy specimens and in plasma DNA in 54% of patients with prior response to gefitinib or erlotinib and in 29% of patients with prior stable disease. 105 This highlights the need for large, robust, prospective placebo-controlled trials in order to definitively identify potential biomarkers. Preclinical data suggest that sequential or pulse dosing of erlotinib may prove more effective than concurrent administration. 106 The effectiveness of sequential administration is currently being investigated in a Phase III trial (SATURN, large-scale prospective study), in which patients with stage IIIB/IV NSCLC receive four cycles of a standard platinum-based doublet followed by either erlotinib or placebo, to determine whether any of the prospective biomarkers reliably predicts a response and, more importantly, survival.
Pharmacogenomic selection in NSCLC
Other novel approaches may also have potential in advanced NSCLC. There is a growing interest in pharmacogenomicsthe optimization of chemotherapy that takes the tumor genome into account -to better select patients whose disease will respond to treatment and thereby improve the therapeutic index. 107 Despite recent advances, more research efforts are warranted to improve patients' survival and to minimize 
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Filosso et al toxicity profiles, and there is still a strong need for the identification of novel biomarkers of drug activity that can help the clinicians in the therapeutic decision-making. 108 Tailored chemotherapy on the basis of tumor pharmacogenomics may represent a promising novel approach to treat NSCLC patients. For example, ongoing research aims to generate predictive genomic signatures for chemotherapy response. Molecular biological studies have already identified genetic aberrations that are potentially useful for customizing treatment; mRNA transcripts involved in DNA repair pathways, such as ERCC1 and BRCA1, have been shown to confer selective resistance to cisplatin or taxanes. 109, 110 eRCC1 Many efforts have been made in recent years to identify molecular markers capable of predicting clinical resistance toward scisplatin and its derivates. ERRC1, a DNA-repair protein belonging to the nucleotide excision repair complex, is a structure-specific DNA repair endonuclease responsible for the 5′-incision of damaged DNA. 111 Low ERCC1 mRNA expression levels were associated with better clinical outcomes of patients with advanced stage NSCLC after cisplatin/ gemcitabine therapy. 112 On the other hand, there is an inverse correlation between ERCC1 protein expression and clinical outcomes (low level and worst prognosis) of patients with stage I who underwent surgical resection, but received no other form of treatment before and after surgery. 113 This paradox probably indicates that an intact DNA repair mechanism may reduce the accumulation of genetic aberrations that are thought to contribute to the tumor's malignant potential. 113 Nevertheless, the determination of ERCC1 is a promising strategy for the stratification of the patients to be treated with platinum-based therapies.
BRCA1
Breast cancer susceptibility gene 1 (BRCA1) is recruited to the sites of DNA breaks, playing a central role in DNA repair and in cell-cycle checkpoint control. Binding of the mediator of DNA damage checkpoint 1 (MDC1) protein to the phosphorylated tail of histone H2AX facilitates the formation of BRCA1 nuclear foci at double-strand breaks. 114 The receptorassociated protein 80 (RAP80) acts upstream of BRCA1 and is required for the accumulation of BRCA1 to sites of DNA breaks. [115] [116] [117] Abraxas recruits RAP80 to form a complex with BRCA1. Both Abraxas and RAP80 are required for DNA damage repair, and cells depleted of Abraxas or RAP80 exhibit hypersensitivity to irradiation. 115 A wealth of data indicate that BRCA1 confers sensitivity to apoptosis induced by antimicrotubule drugs (paclitaxel and vincristine), but induces resistance to DNA-damaging agents (cisplatin and etoposide) and radiotherapy. 118, 119 This differential modulating effect of BRCA1 mRNA expression was also observed in tumor cells isolated from malignant effusions of NSCLC and gastric cancer patients, where BRCA1 mRNA levels negatively correlated with cisplatin sensitivity and positively with docetaxel sensitivity. 120 Two retrospective studies, in NSCLC 121 and ovarian cancer 122 patients, found that low or intermediate BRCA1 mRNA levels correlated with a significantly longer survival following platinum-based chemotherapy, while survival in patients with higher BRCA1 expression increased following taxane-based chemotherapy. 122 In the multivariate analysis, low levels of BRCA1 mRNA were associated with significantly better PFS and OS. 123 BRCA1 overexpression confers aggressive behavior in transgenic models of small-cell and squamous-cell lung carcinomas, as well as in a subset of lung adenocarcinomas harboring the intrinsic T/t-antigen cancer signature. 124 Poor prognosis has also been associated with BRCA1 over expression in early NSCLC. 125 In the Phase II study, 2-year survival was 41% in patients with the lowest levels of BRCA1, 16% in those with intermediate levels, and 0% in those with the highest levels. 126 Moreover, in a study of 96 stage IV NSCLC patients treated with docetaxel plus gemcitabine, we observed that as BRCA1 mRNA levels increased, the probability of response increased and the risk of progression decreased. For patients with the highest BRCA1 levels, the response rate was 58.6%, compared with 13.8% for those with intermediate levels and 27.6% for those with the lowest levels. 127 RAP80 levels influenced median survival. In patients with low BRCA1 levels receiving cisplatin plus gemcitabine, median survival was not reached in patients with low RAP80 levels, while it was 8 months for patients with intermediate RAP80 and 7 months for those with high RAP80 (P = 0.006). It has been hypothesized that if RAP80 were elevated, it could cause resistance to cisplatin-based chemotherapy even in the presence of low BRCA1 levels. RAP80 mRNA levels strongly influence the predictive value of low levels of BRCA1 in patients customized to receive cisplatin plus gemcitabine. 128 
Thymidylate synthase
Pemetrexed is a potent inhibitor of thymidylate synthase (TS, main target) 129, 130 and other folate-dependent enzymes, including dihydrofolate reductase and glycinamide 
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emerging treatments for NSCLC ribonucleotide formyltransferase. Thymidylate synthase is an enzyme that catalyzes the methylation of deoxyuridylate to deoxythimidylate using 5,10-methylenetetrahydrofolate as a cofactor. This function maintains the tymidine-5-prime monophosphate pool critical for DNA replication and repair. 131 Pemetrexed is currently approved in combination with cisplatin for first-line treatment of malignant pleural mesothelioma. 132 Preclinical data have indicated that an overexpression of thymidylate synthase correlates with reduced sensitivity to pemetrexed. 133, 134 A recent study in chemotherapy-naive patients with adenocarcinoma or squamous cell carcinoma of the lung demonstrated that the thymidylate synthase gene and protein baseline expression were significantly higher in squamous cell carcinoma compared with adenocarcinoma (P , 0.0001). 135 In addition, thymidylate synthase and S phase kinase-associated protein (Skp2) are transcriptionally regulated in the S phase of the cell cycle by the transcription factor E2F-1. 136, 137 Like thymidylate synthase, elevated expression of Skp2 has been more commonly found in patients with squamous cell carcinoma of the lung rather than in patients with adenocarcinoma. 138 In a recent large randomized trial, chemotherapy-naive patients with locally advanced or metastatic NSCLC experienced similar median OS with pemetrexed/cisplatin and gemcitabine/cisplatin overall (10.3 months in each arm), but in a preplanned analysis patients with adenocarcinoma or large cell carcinoma treated with pemetrexed/cisplatin experienced significantly improved OS compared with those receiving gemcitabine/cisplatin. 139 In contrast, patients with squamous cell histology did not experience improved OS with pemetrexed/cisplatin. These findings could be explained by the lower expression of thymidylate synthase, the pemetrexed specific target, in adenocarcinoma compared with squamous cell carcinoma. 135 This is the first evidence of survival differences between platinum doublets according to tumor histology.
The OS analyses by treatment arm for each of three histologic groups (large-cell carcinoma, adenocarcinoma, and squamous) demonstrated that cisplatin/pemetrexed in patients with adenocarcinoma and large-cell carcinoma resulted in significantly better survival than cisplatin/gemcitabine (adenocarcinoma: n = 847, 12.6 vs 10.9 months, respectively; HR: 0.84; 95% CI: 0.71-0.99; P = 0.03; large-cell carcinoma: n = 153, 10.4 vs 6.7 months, respectively; HR: 0.67; 95% CI: 0.48-0.96; P = 0.03; non-squamous: n = 1000, 11.8 vs 10.4 months, respectively; HR: = 0.81; 95% CI: 0.70-0.94; P = 0.005). 139 The use of TS is a good predictive marker of treatment efficacy to antifolate drugs and indicates that both Real-Time PCR and immunohistochemistry may be used to assess TS expression level. 108 The results of pharmacogenomics research are preliminary to date, and the clinical applications of this research remain to be demonstrated.
Poly(ADP-ribose) polymerase family
Nuclear processes involving access to or modification of the genome, such as transcription and DNA repair, require a host of structural and regulatory proteins. Poly(ADP-ribose) polymerase-1 (PARP-1), a ubiquitous and abundant nuclear protein and the founding member of the PARP family, has a number of distinct biochemical activities that make it well suited for both structural and regulatory roles across the genome. 140, 142 The known functions of the PARP family members span a wide range of cellular processes, including DNA repair, transcription, cellular signaling, cell-cycle regulation, and mitosis. 140, 142, 145 This diverse array of processes plays key roles in a wide variety of biological outcomes, including differentiation, development, stress responses, inflammation, and cancer.
PARP-1 contributes in many unique ways to the molecular biology of nuclear processes, playing key roles in the maintenance of genomic integrity, the regulation of chromatin structure and transcription, and the establishment of DNA methylation patterns, as well as a host of other processes (eg, mitotic apparatus function, cell death pathways). 140, 141 The earliest functions ascribed to PARP-1 were related to DNA repair and the maintenance of genomic integrity, and much of the PARP-1 literature has been devoted to this aspect of PARP-1 biology. 146 PARP-1 has been implicated in at least three distinct DNA repair pathways: base excision repair (BER), single-strand break (SSB) repair, and double-strand break (DSB) repair. 147, 148 In response to low levels of DNA damage, PARP-1 promotes cell survival and DNA repair. With severe DNA damage, PARP-1 promotes cell death through at least two distinct pathways: 1) energy failure-induced necrosis, which results from depletion of NAD+ (and ultimately ATP); and 2) apoptosis-inducing factor-dependent apoptosis. 139, 147 Thus PARP-1 has a vital role in determining cellular outcomes in response to DNA damage. As it might have been expected, PARP-1 interacts physically and functionally with other key DNA damage detection and response proteins, including the ATM kinase and p53. 147 Lung Cancer: Targets and Therapy downloaded from https://www.dovepress.com/ by 54.70.40.11 on 09-Jan-2019 For personal use only. submit your manuscript | www.dovepress.com
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The development of specific, potent, effective, and safe PARP inhibitors has become an area of active research and much recent excitement in the PARP field. 149 The focus has been on competitive inhibitors of PARP catalytic activity that may be useful as research tools, as well as clinical therapies. These include compounds derived from isoquinolines, phenanthridines, and phthalazines, as well as other structural derivatives, and a number of them are currently being tested in clinical trials as cancer therapies. 145, 146 Although quinazolinone and quinoxaline derivatives may be more selective for PARP-1 and PARP-2, respectively, 140 increasing specificity is an important area of focus for the future. PARP inhibitors are likely to be useful for treating a wide variety of diseases related to genome integrity (eg, cancers), 150 as well as stress and inflammatory responses (eg, cardiovascular disease). 151 A number of clinical trials are now underway examining the safety and efficacy of PARP inhibitors as treatments for a variety of cancers, including breast, uterine, and ovarian cancers. In many cases, the efficacy of the inhibitors may be due to synthetic lethality between PARP inhibition and a genetic lesion in the cancer cells. For example, p53-deficient breast cancer cells treated with PARP inhibitors lose resistance to doxorubicin, a clinically active antitumor anthracycline antibiotic that promotes apoptosis. 152 The goal of this approach is to target cells defective in one DNA repair pathway by inhibiting another. A clinical trial based on this approach has shown selective antitumor activity for the PARP inhibitor, olaparib, in breast and ovarian cancers containing BRCA1 and BRCA2 mutations at safely administrable doses with minimal side effects. 153 BRCA mutation carriers are recognized to have a susceptibility to DNA DSB and increased cancer risk related to a deficit in homologous repair (HR) of DNA. 154 Capitalizing on this vulnerability, targeted therapies are being tested that overload the capacity of cancer cells to perform HR. Such an opportunity is presented by inhibiting PARP, an enzyme that is involved in base excision repair of SSB in DNA. 155 An increase in SSB secondary to PARP inhibition has been demonstrated as a mechanism to increase DSB and overwhelm HR. PARP inhibitors have been demonstrated to dramatically reduce poly(ADP)-ribosylation in a clinical setting 144 and an initial treatment trial using the PARP inhibitor, olaparib, has demonstrated single-agent responses in the cancers of patients with BRCA-related tumors. 153 This area of investigation suggests that PARP inhibitors could be used in prevention, particularly if PARP inhibitors used in clinical prevention trials are found to eliminate cancer risk signatures.
In many cases, however, we lack a clear mechanistic understanding of how PARP-1 contributes to the nuclear processes in which it participates. Many questions and issues remain to be addressed in future studies. For example, our knowledge of PARP-1 structure is incomplete. In addition, our understanding of the physiological functions of PARP-1 is limited. More sophisticated and specific animal models, such as tissue-specific knockout mice, will be required to address this issue. Finally, more specific PARP inhibitors will be required both as tools and therapeutics.
Conclusion
The need for novel approaches to improve the outcome of patients with advanced disease is well known. Effective and better-tolerated treatment strategies for patients with advanced NSCLC are clearly needed. Targeted agents have the potential for increased selectivity and thereby reduced toxicity compared with standard chemotherapies. The introduction of targeted agents, with different modes of action and toxicity profiles to chemotherapy, represents a real break through in the treatment of NSCLC.
In the first-line setting, bevacizumab-based therapy is the first treatment in more than a decade to show a survival benefit beyond that achieved with standard chemotherapy. The safety profile of bevacizumab should be considered within the context of the significant survival advantage conferred over chemotherapy alone in this setting. Bevacizumab with chemotherapy, in view of hemorrhagic complications, is currently considered suitable for patients with non-squamous disease, minimal baseline hemoptysis, and no central nervous system metastases with the additional exclusion criterion of radiological evidence of tumors invading or abutting major blood vessels, as a further safety precaution. Despite the promising success of these agents, targeting VEGF signaling appears to be insufficient to inhibit tumor angiogenesis permanently. Often tumors treated with anti-VEGF therapy develop resistance by selection of 'hypoxia-resistant' cells or by activating alternative angiogenic pathways, 156 thus suggesting that an alternative therapy to target angiogenesis needs to be identified.
The Phase III trials reviewed here provide compelling evidence that targeted therapies can provide valuable improvements in outcomes in both the first-and second-line treatment settings. Erlotinib significantly prolongs survival and improves the quality of life of patients who have relapsed during prior therapy for advanced disease, while gefitinib has recently demonstrated similar efficacy to chemotherapy in the second-line setting. It has become clear that the presence 
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emerging treatments for NSCLC of mutations in the EGFR TK domain best predicts those who have a dramatic benefit from EGFR TK inhibitors. It is better to restrict the use of EGFR TK inhibitors in the frontline setting to only those who have an EGFR TK mutation in the tumor. 157 Recent advances have identified a subgroup of patients harboring EGFR mutations (nearly 15% in Caucasians and up to 50% in Asians) in whom targeted therapy with EGFR TKIs yields dramatic responses in 70% of cases (including 12% complete responses) and median PFS . 1 year (even longer in women and in patients with del 19), 20% of whom were disease-free at 3 years, and median survival was 27 months. It is advisable to implement EGFR mutation screening as a standard practice. 89 It is plausible that several genetically defined subclasses of EGFR mutations could help to improve current clinical outcomes by combining erlotinib or gefitinib with other targeted drugs. EGFR mutations by immunohistochemistry could be only an ancillary procedure, since the T790M mutation cannot yet be tested by immunohistochemistry. Genetic tool kits should be implemented to test both the activating EGFR mutations (del 19 and L858R) and the T790M mutation, which is present at low levels in pre-treatment tumor samples. 128 At present, any cytology cell block specimen with $25% of tumor cells should be deemed adequate for EGFR mutational analysis by direct sequencing. 148 In general, pleural fluids have the most material of all cytologic samples. The absolute amount of cancer on the sections is less critical than the homogeneity of the sections, and by dissecting ten 5-µm sections, adequate DNA could be obtained from regions of cancer as small as 2 mm and with as few as 40 cancer cells. 158 Molina-Vila and colleagues 159 have developed a method that permits detection of del 19, L858R, and T790M in samples containing as few as eight tumor cells (in 10 µL of buffer), approximately 5 pg of DNA per microliter of crude extract. In addition to direct sequencing, EGFR mutations can be assessed by common fragment analysis of PCR-mediated amplification products (del 19), by real-time PCR (L858R), or by the peptide nucleic acid locked nucleic acid PCR clamp method; SARMS has also been used, as has the DxS EGFR29 mutation-detection kit. Monoclonal antibodies against del 19 and L858R have shown a sensitivity of 92% by immunohistochemistry. 160 In future, the assessment of EGFR mutations should be performed in accredited central laboratories or outsourced to accredited commercial laboratories. 128 Maintenance chemotherapy with pemetrexed is a new option in the management of patients with metastatic NSCLC. 157 It could be argued that the efficacy to date of cisplatin/ pemetrexed in non-squamous histology should enable it to be a preferred regimen for future studies testing molecular targeted therapies in non-squamous histology. 139 There is much to look forward to in the context of targeting the insulin-like growth factor system and developing personalized therapies to reduce the metastatic potential of many cancers.
Finally, these targets represent factors that are not only clinically relevant but also may play a critical role in early tumor development prior to the evolution of frank invasive malignancy. This possibility qualifies these targets for consideration in the development of cancer prevention interventions. Small-molecule oral agents with few side effects and the absence of serious long-term toxicities have a greater chance of finding clinical application in cancer prevention. As such, these targets represent factors that also may play a critical role early in tumor development prior to the evolution of frank invasive malignancy. This possibility qualifies these targets for consideration in the development of cancer prevention interventions. 161
Nomenclature and definitions
Early-stage lung cancer is a NSCLC limited to the lung parenchyma without invasion of the surrounding structures and without lymph nodal or systemic metastases.
Anatomic tumor resection (eg, segmentectomy, lobectomy/bilobectomy, bronchoplastic lobectomy, and pneumonectomy) is a surgical resection in which lung's anatomy is resected. The resection is performed by isolating, dissecting out, and ligating the arteries, the veins, and the bronchi for the segment(s), the lobe(s), or the entire lung. A lobar and mediastinal lymph node dissection is an integral part of the operation whenever a LC is resected.
Nonanatomic tumor resection (eg, wedge resection) is a resection in which vessels and bronchi are not identified and hilar dissection is not performed.
Limited or lesser resection is a lung resection less than a standard lobectomy. Thus both wedge resection and segmentectomy have been considered within the term of limited pulmonary resection even if the second is considered as an anatomic one.
Patient with poor respiratory function is a patient which presents with a PCO 2 . 45 mmHg, PO 2 , 50 mmHg (without supplemental O 2 ), has a predicted postoperative forced expiration volume in 1 second (FEV 1 ) ,0.8 l or ,40% predicted values, carbon monoxide diffusing capacity in the lung ,50%, maximum oxygen consumption 
